Background and Purpose-In SPARCL, treatment with atorvastatin 80 mg daily reduced stroke risk in patients with recent stroke or TIA and no known coronary heart disease by 16% versus placebo over 4.9 years of follow-up. The purpose of this secondary analysis was to determine whether men and women similarly benefited from randomization to statin treatment. Methods-The effect of sex on treatment-related reductions in stroke and other cardiovascular outcomes were analyzed with Cox regression modeling testing for sex by treatment interactions. Results-Women (nϭ1908) constituted 40% of the SPARCL study population. At baseline, men (nϭ2823) 
M eta-analysis of 14 trials of statins including more than 90 000 subjects, most of whom had coronary heart disease (CHD) or major CHD risk factors, found men and women had similar treatment-associated reductions in both major coronary events and major vascular events. 1 Consistent with these results, the Prospective Pravastatin Pooling Project and the Heart Protection Study found statin treatment was associated with similar reductions in the occurrence of predominately first strokes regardless of sex. 2, 3 A secondary analysis of subjects with CHD enrolled in 3 clinical trials of oral glycoprotein IIb/IIIa inhibitors found no significant difference in statin-associated stroke reductions between men and women. 4 Whether statin treatment is equally effective for secondary stroke prevention in men and women has not been addressed. The Stroke Prevention with Aggressive Reductions in Cholesterol Levels (SPARCL) trial showed that treating patients with recent stroke or TIA and no known coronary heart disease with a statin (atorvastatin 80 mg per day) reduced the combined risk of fatal and nonfatal stroke as well as other cardiovascular events. 5 The purpose of this post hoc analysis of data from the SPARCL trial was to determine whether men and women similarly benefited from randomization to statin treatment.
Methods
The methods of the SPARCL study have been described in detail previously. 5 , 6 The local research ethics committee or institutional review board at each participating study center approved the study protocol, and all patients gave written informed consent. The primary hypothesis of the SPARCL trial was that treatment with 80 mg of atorvastatin per day would reduce the combined risk of fatal and nonfatal stroke among patients with a history of stroke or TIA. Eligible patients were men and women over 18 years of age who had had an ischemic or hemorrhagic stroke or a TIA (diagnosed by a neurologist within 30 days after the event) 1 to 6 months before randomization. Stroke was defined by focal clinical signs of central nervous system dysfunction of vascular origin that lasted for at least 24 hours; TIA was defined by the loss of cerebral or ocular function for less than 24 hours. Patients had to be ambulatory, with a modified Rankin score of no more than 3 (scores can range from 0 to 5, with higher scores indicating more severe disability), and to have an LDL cholesterol level of at least 100 mg per deciliter (2.6 mmol per liter) and no more than 190 mg per deciliter (4.9 mmol per liter; 15 of 205 centers excluded otherwise suitable patients with an LDL cholesterol level above 160 mg per deciliter [4.1 mmol per liter], as required by their institutional review boards). Excluded patients otherwise included those with atrial fibrillation, mechanical prosthetic heart valves, severe mitral valve stenosis, or subarachnoid hemorrhage. Patients with hemorrhagic stroke (2% of the study population) could be included if they were deemed by the investigator to be at risk for ischemic stroke or coronary heart disease. Subjects were enrolled between September 1998 and March 2001.
The primary outcome for the SPARCL trial was the time from randomization to a first nonfatal or fatal stroke. There were 7 prespecified secondary composite outcomes: stroke or TIA; major coronary event (cardiac death, nonfatal myocardial infarction [MI] or resuscitated cardiac arrest); major cardiovascular event (stroke plus any major coronary event); any CHD event (major coronary event, plus coronary revascularization procedure, unstable angina or angina/ischemia requiring emergent hospitalization); revascularization procedure (coronary, carotid or peripheral); and any cardiovascular event (any of the former plus clinically significant peripheral vascular disease). An independent end point committee adjudicated all potential end points without knowledge of the patients' treatment status or cholesterol levels.
For this post hoc analyses, we evaluated the relative effects of intention to treat with atorvastatin 80 mg per day in men and women on the primary and each secondary SPARCL outcome in separate Cox regression models with prespecified adjustment for region (7 dummy variables), entry event, time since event, and age (each requiring 1 degree of freedom). Adjustment was made in the regression models for potential confounding by inclusion of covariates.
A second set of analyses to control for additional possible confounders was performed to validate the primary analysis by using a logistic regression model to reduce the dimensionality of the data (a logistic regression predicting sex was fitted to baseline covariates including age, days since qualifying event, type of qualifying event, geographic region baseline lipid levels, systolic and diastolic blood pressure, body mass index, smoking and hypertension history). 7 Because of sample size limitations, all potential covariates could not be directly added to the Cox regression models. 8 Because exploratory analyses revealed possible nonlinear relationships, the model was also allowed to fit the squared and square root transformed versions of the listed continuous variables based on a forward selection procedure. The resulting model had a c-statistic of 0.821. The linear predictor from this model was then saved and grouped by quintile. The data were then stratified by sex and quintile of the linear predictor from the previous logistic regression. Patients who could not be included in the logistic regression model because of missing data were assigned to their own strata. This resulted in a total of 12 strata. The data for all patients were then analyzed using a stratified Cox regression model with covariate terms for age, days since qualifying event, qualifying event, and geographic region.
The SPARCL steering committee developed the study protocol with the sponsor and takes responsibility for the data and data analyses. Medpace (Cincinnati) managed all data. Medpace, Charles River Laboratories Clinical Services (Brussels), and the sponsor provided site monitoring throughout the study. A data and safety monitoring board with independent statistical support performed interim monitoring analyses for safety and efficacy. Table 1 compares baseline characteristics between men (nϭ2823) and women (nϭ1908). Men were younger, had lower systolic BP, higher diastolic BP, less frequently had a history of hypertension, and more frequently had a history of smoking. Men also had lower total cholesterol, LDL-C, HDL-C, and Apolipoprotein A1 levels than women. Use of antithrombotics and antihypertensives were similar. Table 2 gives the mean percent change from baseline to the last study visit for each lipid measure for atorvastatin and placebo treated men and women. There were no sex-based treatment differences in lipid profiles between men and women (LDL-cholesterol, Pϭ0.986; total cholesterol, Pϭ0.452; HDL-cholesterol, Pϭ0.126; triglycerides, Pϭ0.8437; Apo A1, Pϭ0.135; Apo B, Pϭ0.955). Table 3 gives adjusted hazard ratios, Wald probability values, and treatment by sex interaction probability values for each of the SPARCL trial primary and secondary outcomes. The separate results for men and women were generated by removing the sex term from the model (since each model includes either all men or all women). Men and women had similar treatment-associated benefits for each study end point (ie, there were no significant treatment by sex interactions for the combined risk of nonfatal and fatal stroke, nonfatal stroke, fatal stroke, stroke or TIA, major cardiac events, major cardiovascular events, revascularization procedures, or any CHD event). The treatment by sex interaction term for all cause mortality is marginally significant (Pϭ0.06). The second set of analyses using Cox regression models with stratification to control for additional potential confounders provided almost identical results (data not shown). Table 4 gives safety data by treatment and sex. Atorvastatin 80 mg per day was similarly tolerated in men and women.
Results

Discussion
This analysis of data from the SPARCL trial found similar statin-related reductions in stroke and other cardiovascular events in men and women who had a recent stroke or TIA and no known coronary heart disease at the time of study enrollment. To reduce the chances of spurious associations in *Baseline values summarize only those patients who also had at least one postbaseline measurement. **P values are based on an analysis of covariance with terms for baseline value, treatment, sex and treatment by sex interaction.
this post hoc analysis, we tested treatment by sex interactions for the SPARCL primary end point (first occurrence of a nonfatal or fatal stroke) as well as for all of the study's prespecified secondary endpoints. This analysis is a combination of a randomized trial and an observational study (ie, randomized treatment effects and nonrandom subgroups defined by sex). In Table 3 , the adjusted hazard ratios by sex were obtained by running separate analyses on men and women controlling for age, qualifying event, days since qualifying event, and geographic region. Because treatment was randomized, these provide unbiased estimates of treatment effects for men and women. Other baseline variables such as age, baseline lipids, and blood pressure, however, differed between men and women (Table 1) . To assure that any Results reflect adjustment for region, entry event, time since entry event, and age. MCE indicates major cardiac event; MCVE, major cardiovascular event; CHD, coronary heart disease (see methods for description).
Table 4. SPARCL Safety by Sex
Women Men
Musculoskeletal AEs Myalgia, n (%) 63 (6.7%) 72 (7.4%) 66 (4.6%) 69 (4.9%)
Rhabomyolysis, n (%) 1 (0.1%) 2 (0.2%) 1 (0.1%) 1 (0.1%) possible sex differences were not explained by differences in the baseline covariates, a second set of more complex analyses were performed with results not substantially different than those given in Table 3 . It should be recognized, however, that the SPARCL trial was not designed to detect differences in event rates between men and women, and that statistical power of this analysis may be limited.
As shown in Table 3 , the treatment by sex interaction term for all cause mortality is marginally significant. Although a relative treatment-related reduction in all cause mortality in women as compared to men cannot be excluded, the individual treatment effects are not significant (HRϭ1.14, 95% CI 0.90 to 1.45, Pϭ0.28 for men and HRϭ0.78, 95% CI 0.57 to 1.07, Pϭ0.12 for women).
The Heart Protection Study (HPS) compared the effects of simvastatin and placebo in a broad spectrum of patients that included 3280 subjects with prior cerebrovascular disease. 3 As in SPARCL, 5 the HPS found a reduction in major vascular events in patients with prior cerebrovascular disease treated with a statin, but in contrast to SPARCL, there was no reduction in recurrent stroke (and no analysis for a treatmentrelated difference in recurrent stroke based on sex). Some potential reasons for the difference between the trial results have been discussed previously and include later enrollment after the index event in HPS, smaller treatment-related reductions in lipid levels, and lack of power because of a small number of outcome strokes. 5 In HPS, there was not a specific analysis to determine whether the effects of the statin on the occurrence of major vascular events differed between men and women with prior stroke. 3 Several studies provide data assessing potential sex-related differences in the effects of statins for primary stroke prevention. The HPS found similar reductions in the frequencies of a first stroke with statin treatment in men and women. 3 At least 2 other randomized placebo-controlled statin trials have provided subgroup analyses of stroke outcomes stratified by sex. 4 The Cholesterol and Recurrent Events (CARE) study found a nonsignificant 35% reduction of stroke with statin treatment in women but no difference between men and women. 9 The Long-Term Intervention With Pravastatin in Ischemic Disease (LIPID) study found that more women in the statin group (4.4%) than in the placebo group (3.6%) had strokes with a beneficial effect in men (3.6% with statin treatment versus 4.7% with placebo). 10 When the data from these 2 trials was pooled with data from the West of Scotland Coronary Prevention Study (WOSCOPS), there was no statistical interaction between sex and statin treatment on the occurrence of stroke events. 2 Therefore, there is no evidence for a sex-related difference in the effects of statins in primary stroke prevention in the setting of known coronary heart disease or in other primary prevention populations.
There are several stroke risk factors that are unique to women, and new areas of research offer the possibility of developing preventive therapies aimed at reducing a woman's chances of having a first or recurrent stroke. 11 As reflected in the baseline data from the SPARCL trial, even traditional stroke risk factor profiles for men and women can differ. Despite these differences, this secondary analysis of SPARCL trial data suggests that statin treatment similarly reduces the likelihood of stroke and other cardiovascular events in men and women with recent TIA or stroke.
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